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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a coating composition for the surface treatment of a rubber article or, more par- 

ticularly, to a coating composition for the surface treatment of a rubber article which can be imparted with improved 
abrasion resistance and smoothness or lubricity on the surface by the treatment therewith. The invention relates also 
to a method for the improvement of the abrasion resistance and lubricity of the surface of a rubber article. 

Needless to say. the application fields of rubber articles are so wide in the modern industries that some of the 

10 industries can no longer exist without rubber articles indispensable in various parts. Automobiles are built with a variety 
of rubber parts, of which weather strips of a cured rubber are used for waterproof sealing in the doors, v/lndshlelds, 
rear windows, trunk room lids and elsewhere. Rubber-made weather strips in automobiles are used sometimes with 
rubbing on the surface or In contact with other parts in a sliding movement so that weather strips are required to have 
good abrasion resistance of the surface and good lubricity on the surface in order to decrease the friction thereon. One 

IS of the methods to meet this requirement is to coat the surface of the rubber article with a urethane resin-based coating 
composition disclosed in, for example, Japanese Patent Kokai No. 3-20376, No. 3-21675, No. 3-21676. No. 3-86774, 
No. 3-252477, No. 4-8778, No. 4-8779. No. 4-25580. No. 4-25581. No. 4-31474 and ielsewhere or a silicone resin- 
based coating composition disclosed in Japanese Patent Kokai No. 54-90369. Japanese Patent Publications No. 
56-47864 and No. 4-80072 and elsewhere. 

20 The above mentioned urethane resin-based coating compositions are, however, not practically satisfactory for th.e 

purpose due to the relatively poor weatherability of the coating film formed therefrom so that the Improvement in the 
surface properties of the rubber articles coated therewith is not durable enough. Though somewhat superior in the 
weatherability as compared with urethane resln-based coating compositions, the silicone resin-based coating compo- 
sitions are also not quite satisfactory in respects of the adhesion of the coating film to the rubber surface and the 

25 abrasion resistance of the coating film. In addition, the surface lubricity of the rubber articles such as weather strips 
coated with a silicone resln-based coating composition is not so high that, when the weather strips are used in auto- 
mobiles, creaking noises are sometimes generated from running automobiles due to the f rictional sliding movement 
on the surface of the weather strips to decrease the pleasantness and safety of the drivers and passengers thereon. 
f\/loreover. another important problem must be taken into consideration relative to the environmental pollution and 

30 workers' health and safety in automobile factories because the above described coating compositions are all in the 
form of a solutton prepared using a large volume of organic solvents as a diluent whk^h Is dissipated Into the atmospheric 
air in the step of drying of the coated surface to cause pollution of the working environnment. 
EP-A-186 839 discloses polyorganoxiloxane compositions for surface treatment comprising : 

35 - a polyorganosiloxane having a specific viscosity, the terminal units of which being blocked by hydroxy group, 
a curring agent comprising a mixture of a polyorganoxiloxane and of a silane and^r a siloxane and, 
- a polymethylsilsesquloxane. 

In said composition, the base silicone Ingredient is a flowable polydlorganoslloxane of linear molecular structure 
40 having a specified viscosity. 

SUMMARY OF THE INVENTION 

The present invention accordingly has an object to provide a novel and improved silicone-based coating compo- 
45 sition suitable for the surface treatment of a rubber article with an object to improve the abrasion resistance and lubricity 
of the surface of the rubber articles without the problems and disadvantages in the above described conventional 
urethane resin- or silicone resin-based coating compositions in the prior art. Another object is to provide a method for 
the improvement of the abrasion resistance and lubricity of the surface of a rubber article by using the above mentioned 
coating composition. 

so Thus, the silicone-based coating composition of the present invention for the surface treatment of a rubber article 

is a water-base blend which comprises, as a uniform mixture: 

(a) an aqueous dispersion of a non-flowable organopolysiloxane having a branched molecular structure consisting 
of the organosiloxane units represented by the general formulas R''2SIO and RISIO1 5. in which R"* is a monovalent 

55 hydrocarbon group having 1 to 20 carbon atoms, as a first organopolysiloxane ingredient; 

(b) an aqueous dispersion of a hydrolysis-condensation product of an epoxy group-containing alkoxy silane com- 
pound represented by the general formula R2R3si(OR*)2, in which R^ is a monovalent organic group substituted 

.. . with an epoxy group and having 5 to 20 carbon atoms and R^ and R^ are each a monovalent hydrocarbon group 



% 



. having 1 to 6 carbon atoms, as a second organopolysiloxane ingredient; 

(c) a hydrolysis-condensation product of an amino-group containing aikoxy silane compound represented by the 
general formula R5R®N(CH2)a[NR^(CH2)b]c-SiR^{OR%, in which R^ R^ and R^ are each a hydrogen atom or a 
monovalent hydrocarbon group having 1 to 6 carbon atoms, and R^ are each a monovalent hydrocarbon group 

5 having i to 6 carbon atoms, the subscripts a and b are each a positive Integer not exceeding 6 and the subscript 

c is zero or a positive integer not exceeding 3, as a third.organopolysiloxane ingredient; and 

(d) an aqueous dispersion of particles of a cured silicone rubber as a fourth organopolysiloxane ingredient, 

the compohent (c) being uniformly dispersed in the blend of the components (a), (b) and (d) . 

JO The blending proportion of the components (a), (b), (c) and (d) is such that the amount of the first organopolysi- 

loxane in the component (a) is in the range from 10 to 90% by weight, the amount of the second organopolysiloxane 
iri the coniponent (b) is In the range from 1 to 50% by weight, the amount of the third orgariopolysibxane as tiie 
• cofnponent \o) is in the range from 1 to 50% by weight and the amount of the fourth organopolysiloxane in the component 
(d) is in the range from 1 to 70% by weight each based on the total amount of the first to fouilh organopolysiloxane 

J5 irigredients! 

BRIEF DESCRIPTION OF THE DRAWING 

The figures are for the illustration of the testing assembly for the evaluation of the surface properties of a rubber 
20 article coatekJ with the inventive coating composition, of which Figure 1 is a perspective view of the testing assembly 
for the abrasion resistance and Figure 2 is a perspective view of the test specimen for the measurement of the coefficient 
of kinematic friction. 



2S 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



As is described above, the coating compositbh of the present invention for the surface treatment of a rubber article 
is a uniform mixture of four different organopotysiloxanes as the essential ingredients of the components (a) to (d) each 
dispersed in an aqueous medium. A rubber article is coated with this aqueous coating composition followed by drying 
and curing of the coating film to be imparted with excellent abrasion resistance and lubricity The thus formed coating 

30 fiinr) on the rubber surface exhibits good adhesion to the rubber surface and is highly durable against weathering and 
abrasion and the problems caused by the use of organic solvents can be completely solved with the inventive coating 
composition because the inventive coating composition consisting of the components (a) to (d) is in the form of^an 
aqueous dispersion of the organopotysiloxanes containing no organic solvents therein. 

The component (a) constituting the inventive coating composition is an aqueous dispersion or emulsbn of a first 

35 organopolysiloxane which is non-flowable with a gel-like consistency or viscosity of at least 1 0 m^/sec (10^ centistokes) 
at 25 **C and has a branched molecular structure. The organopolysiloxane consists of two different types of organosi- 
loxane units represented by the general formulas 



40 ''2 



R^SiO. (1) 



and 



4S R'siO.s. (2) 

in which R^ is a monovalent hydrocarbon group having 1 to 20 carbon atoms exemplified by alkyi groups such as 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl. octyl. nonyl, dodecyl, tetradecyl, hexadecyl and octadecyl groups, 
alkenyl groups such as vinyl and allyl groups, aryl groups such as phenyl and tolyl groups and cycloalkyi groups such 
as cyclohexyl group as well as those substituted hydrocarbon groups obtained by replacing a part or all of the hydrog6n 
atoms in the above named hydrocarbon groups with substituents such as halogen atoms and organic groups having 
an epoxy group, carboxyl group, amino group. 

The aqueous dispersion of the above described first organopolysiloxane having a branched molecular structure 
can be prepared by the method of emulsion polymerization of two kinds of starting materials from which the above 
mentioned slloxane units of the general formulas (1 ) and (2) can be derived. The starting material to provide the orga- 
nosiloxane units of the general formula (1 ) includes cyclic organopolysiloxane oligomers represented by the general 
formula [Rl2SiO]A. in^hich R^ has the same meaning as defined above and the subscript A is an integer of 3 to 7, 
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and linear diorganopoiysiloxanes represented by the general formula 





R^°0-[-R%SI-O-]b-R 



in which R1 has the same meaning as defined above, R^P is a hydrogen atom or an unsubstituted or substituted 
monovalent hydrocarbon group having 1 to 6 carbon atoms exemplified by alkyi groups such as methyl, ethyl, propyl, 
butyl and hexyl groups, cycloalkyi groups such as cyctopentyl and cyclohexyl groups, phenyl group and halogen- 
substituted hydrocarbon groups such as 3.3.3-trifluoropropyl group, of which methyl and ethyl groups are particularly 
preferable, and the subscript B is a positive Integer not exceeding 1000. The starting material to provide the organosi- 
loxane units of the general formula (2) is a trialkoxy sllane represented by the general formula R^Si(OR^°)3, in which 
Ri and R^^^ each have the same meaning as defined above. The emulsbn polymerization of these starting materials 
is performed by dispersing and emulsifying these reactants together in an aqueous medium containing a surface active 
agent and a catalyst so that the siloxane rearrangement reaction smd hydrolysis-condensation reaction of the reactants 
proceed to give the first organopolysiloxane as the effective ingredient of the component (a) followed by deactivation 
of the catalyst after completion of the emulsion polymerization. 

The surface active agent to serve as the emulsifying agent in the above mentioned emulsion polymerizatbn is not 
particularly limitative including cationic surface active agents such as quaternary ammonium salts and alkylamlne salts, 
amphoteric surface active agents such as alkyI betaines, non-ionic surface active agents such as polyoxyethylene alkyI 
ethers, polyoxyethylene alkylphenyl ethers, sorbitan fatty acid esters and glycerin fatty acid esters and acidic anionic 
surface active agents such as organic sulfonic acids and alkylsulfuric acid esters. These surface active agents can be 
used either singly or as a combination of two kinds or more according to need, if compatible. 

When the surface active agent used for emulsification is cationic, amphoteric or non-ionic, suitable catalytic com- 
pounds to promote the polymerization reaction Include basic compounds such as potassium hydroxide, sodium hy- 
droxide, lithium hydroxide, sodium methylate, ammonia, tetramethyl ammonium hydroxide, triethyl amine and triethanol 
amine while the acidic anionic surface active agents such as organic sulfonic acids and alkylsulfuric acid esters also 
exhibit catalytic activity by themselves so that no separate catalyst Is required when such a surface active agent is used. 

The deactivation treatment of the catalyst after completion of the polymerization reaction is performed by the 
admixture of the polymerization mixture with a neutralizing agent which can be an acid such as acetic acid, phosphoric 
acid, hydrochloric acid and citric acid when the catalyst is a basic compound and a basic compound such as potassium 
hydroxide, sodium hydroxide, lithium hydroxide, sodium methylate, ammonia, tetramethyl ammonium hydroxide, trie- 
thyl amine and triethanol amine when an acidic surface active agent Is used to serve as the catalyst. 

The content of the first organopolysiloxane as the effective ingredient in the aqueous dispersion as the component 
(a) is, though not particularly limitative, in the range from 1 to 70% by weight or, preferably, from 10 to 60% by weight 
because, when the content thereof is too low, an excessively large amount of the component (a) must be compounded 
In the inventive coating composition to cause an economical disadvantage and Inconvenience in handling due to an 
unduly low overall concentration of the composition while, when the content thereof is too high, difficulties are encoun- 
tered in handling of the aqueous dispersion due to the undue increase in the viscosity or consistency of the aqueous 
dispersion. 

The second organopolysiloxane as the effective ingredient in the aqueous dispersion as the component (b) in the 
Inventive coating composition is a hydrolysis-condensation product of an epoxy group-containing alkoxy sllane com- 
pound represented by the general formula 



In which R^ is an epoxy group-containing organic group or hydrocarbon group having 5 to 20 carbon atoms such as 
2-glycidyloxyethyl, 3-glycidyloxypropyl. 2-(3,4-epoxycyckDhexyl)ethyl and 3-(3,4-epoxycyclohexyl)propyl groups and 
R3 and R^ are, each Independently from the other, a monovalent hydrocarbon group having 1 to 6 carbon atoms 
exemplified by alkyI groups such as methyl, ethyl, propyl, butyl and hexyl groups, cycloalkyi groups such as cyclopentyl 
and cyclohexyl groups and phenyl group as well as those substituted hydrocarbon groups obtained by replacing a part 
or all of the hydrogen atoms in the above named hydrocarbon groups with halogen atoms such as 3,3,3-trifluoropropyl 
group, of which methyl and ethyl groups are particularly preferable. 

Examples of the epoxy group-containing alkoxy sllane compound of the above given general formula (3) include 

2- glycidyloxyethyl methyl dimethoxy sllane. 2-glycidyloxyethyl methyl diethoxy sllane, 3-glycldyloxypropyl methyl 
dimethoxy silane, 3-glycldyloxypropyl methyl diethoxy silane. 2-(3,4-epoxycyclohexyl)ethyl methyl diethoxy sllane, and 

3- (3,4-epoxycyclohexyl)propyl methyl dimethoxy silane as the typical ones. The hydrolysis reaction of these alkoxy 
silane compounds can be performed by the addition of water and an acid as a catalyst to the alkoxy silane compound 



R^R^Si(OR*)j 



(3) 
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id^TOtlon reaction followina the hvdrolvsis reaction rfiariilv nrr 



so that the dealcoholatlon condlWatlon reaction following the hydrolysis reaction readily proceeds to give the desired 
organopolysiloxane after neutralization of the acid catalyst and removal of the alcohol as the condensation product by 
distillation. 

The thus obtained organopolysiloxane as the hydrolysis-condensation product of the epoxy group-containing 
alkoxy silane compound can be dispersed and emulsified in an aqueous medium containing a surface active agent to 
give an aqueous dispersion or emulsion of the organopolysiloxane. The surface active agent used for the above men- 
tioned emulsification is, though not particularly limitative, preferably a non-ionic surface active agent such as polyox- 
yethylene alkyl ethers, polyoxyethylene phenyl ethers, sorbitan fatty acid esters, glycerin fatty acid esters. These non- 
ionic surface active agents can be used either singly or as a combination of two kinds or more according to need 

The content of the organopolysiloxane in the aqueous dispersion as the component (b) of the inventive coating 
composition is, though not particularly limitative, in the range from 1 to 50% by weight because, when the content 
thereof is too low. an excessively large amount of the component (b) must be compounded in the preparation of the 
inventive coating composition to cause an economical disadvantage and inconvenience in handling due to an unduly 
low overall concentration of the composition while, when the content thereof is too high, difficulties are encountered in 
handling of the aqueous dispersion due to the undue increase in the viscosity of the aqueous dispersion. 

The component (c) constituting the inventive aqueous dispersion of organopolysiloxanes is a third organopolysi- 
loxane which is a hydrolysis-condensation reaction product of an aminoalkyi group-containing dialkoxy silane com- 
pound represented by the general formula 



In the formula (4). RS, R6 and R7 are each a hydrogen atom or an unsubstituted or halogen-substituted monovalent 
hydrocarbon group having 1 to 6 carbon atoms exemplified by alkyl groups such as methyl, ethyl, propyl, butyl and 
hexyl groups, cycloalkyi groups such as cyclopentyl and cyclohexyl groups, phenyl group and halogen-substituted alkyl 
groups such as 3,3,3-trifluoropropyl group. It Is preferable that at least 90% by moles of the groups denoted by these 
symbols are hydrogen atoms, the balance, if any. being the hydrocarbon groups. R^ and R^ are each an unsubstituted 
or hatogen-substituted monovalent hydrocarbon group having 1 to 6 carbon atoms exemplified by those groups given 
. as the examples of RS, R6 and R^ or, preferably, methyl or ethyl group. The subscripts a and b are each a positive 
integer not exceeding 6 or, preferably, or 3 and the subscript c is 0. 1, 2 or 3. When a is 0, the alkoxy silane of the 
general formula (4) has an N-N linkage and, when b is 0, an Si-N linkage is formed while these linkages are unstable 
against hydrolysis so that the desired hydrolysis-condensation product cannot be obtained. On the other hand, the 
upper limit 3 of the subscript c is given by the difficulties encountered in the synthetic preparation of an aikoxy silane 
compound having a so long substituent group. 

In the preparation of the inventive coating composition, the third organopolysiloxane as the component (c) sepa- 
rately prepared can be dissolved or dispersed in the blend of the other components (a), (b) and (d) but it is preferable 
that the third organopolysiloxane is prepared in the fomn of an aqueous solution or dispersion which is mixed together 
with the components (a), (b) and (d) each in the form of an aqueous dispersion. 

Examples of the aminoalkyi group-containing dialkoxy silane compound represented by the general formula (4) 
include 3-(N-2-aminoethyl)aminopropyl methyl dimethoxy silane. 3-(N-2-amlnoethyl)aminopropyl methyl diethoxy si- 
lane. 3-aminopropyl methyl dimethoxy silane, 3-aminopropyl methyl diethoxy silane as typical ones. 

The hydrolysis reaction of these dialkoxy silane compounds can be performed according to a known procedure 
by the admixture of water thereto so that the dealcoholation condensation readily proceeds to be followed by the 
removal of the alcohol as the condensation product by distillation. The thus formed hydrolysis-condensation product 
of the aminoalkyi group-containing dialkoxy silane compound can be readily dissolved or dispersed In water to give a 
uniform aqueous dispersion thereof. The content of the hydrolysis-condensation product as the effective ingredient in 
the aqueous dispersion is in the range from 1 to 50% by weight or. preferably, from 10 to 30% by weight. When the 
content of the effective ingredient is too low. the adhesion of the coating film of the coating composition on the surface 
of a rubber article is poor not to ensure good abrasion resistance of the coating film. When the content of the effective 
ingredient is too high, the aqueous dispersion of the hydrolysis-condensation product would be poorly compatible with 
the other essential components of the inventive coating composition not to give a uniform coating composition. When 
improvement in the uniformity of the aqueous dispersion as the component (c) is desired, the aqueous dispersion is 
optionally admixed with an organic acid such as formic, acetic, propionic, malonic, maleic and salicylic acids or an 
inorganic acid such as hydrochloric, phosphoric and sulfuric acids. 

The component (d) constituting the inventive coating composition Is an aqueous dispersion of fine particles of a 
cured silicone rubber of which the average particle diameter is in the range from 0.1 to 100 ^m or, preferably, from 1 
to 20 ^m. When tbe average particle diameter of the cured silicone rubber particles is too small, the rubber article 
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coated on the surface with the^rating composition prepared by using such too fine silicone rubber particles cannot 
be imparted with good lubricity resulting In little improvement in the sliding behavior of the rubber article. When the 
average particle diameter of the cured silicone rubber particles is too large, on the other hand, the coating film on the 
surface of a rubber article has no sufficient abrasion resistance. An aqueous dispersion of such silicone rubber particles 
suitable as the component (d) can be prepared by dispersing silicone rubber particles separately prepared beforehand 
in an aqueous medium containing a surface active agent under agitation. It is preferable, however, that the aqueous 
dispersion of cured silicone rubber particles is prepared by first dispersing a liquid silicone composition curable into a 
cured silicone rubber in an aqueous medium containing a surface active agent into fine droplets followed by the in situ 
curing reaction of the curable silicone compositbn to give fine particles of a cured silicone rubber as the dispersed 
phase In the aqueous dispersion. 

The mechanism of the above mentioned in situ curing reaction in the droplets of a curable silicone composition is 
not particularly limitative Including the hydrosilation reaction, condensation reaction and ultraviolet-induced addition 
reaction. The type of the curable silicone compound is also not particularly limitative relative to the kind of the organic 
groups bonded to the silicon atoms, molecular structure, molecular weight provided that the silicone composition can 
be converted by curing into a solid having rubbery elasticity 

When the curable silicone composition is that curable by the mechanlsnn of the hydrosilation reaction, the compo- 
sition comprises an organopolysiloxane having, in a molecule, at least two alkenyl, e.g., vinyl, groups bonded to the 
silicon atoms and an organohydrogenpolysiloxane having, in a molecule, at least two hydrogen atoms directly bonded 
to the silicon atoms as dispersed and emulsified together with a catalytic amount of a platinum compound in an aqueous 
medium containing a surface active agent. 

In the above mentioned alkenyl group-containing organopolysiloxane, the alkenyl groups can be bonded to the 
silicon atoms at any positions of the organopolysiloxane molecule but, preferably should be bonded to the silicon 
atoms at the molecular chain terminals. The molecular structure of the alkenyl group-containing organopolysiloxane 
is not particularly limitative and can be straightly linear, branched or cyclic. Mixtures of organopolyslloxanes having 
different molecular structures can also be used. 

Besides the alkenyl groups, the alkenyl group-containing organopolysik>xane has various kinds of organic groups 
or hydrocarbon groups bonded to the silicon atoms which can be alkyi groups such as methyl, ethyl, propyl, butyl, hexyl 
and dodecyl groups, aryl groups such as phenyl group, aralkyi groups such as 2'phenylethyl and 2-phenylpropyl groups 
and halogen-substituted alkyl groups such as chloromethyl and 3,3,3-trifluoropropyl groups. It is preferable that at least 
90% by moles of the organk: groups bonded to the silicon atoms are methyl groups in respect of the relatively simple 
synthetic procedure thereof and good properties of the cured coating film formed from the inventive coating composition. 

The average molecular weight of the alkenyl group-containing organopolysiloxane Is not particularly limitative but 
the viscosity thereof as a property correlated to the molecular weight should be In the range from 10"^ to 10'^ m^/sec 
(1 to 10000 centlstokes) or. preferably, from 5.10-^ to lO-^ m^/sec (5 to 1000 centistokes) at 25 **C . When the viscosity 
thereof is too low. curing of the organopolysiloxane can hardly proceed by the hydrosilation reaction with the silicon- 
bonded hydrogen atoms in the organohydrogenpolysiloxane while, when the viscosity thereof is too high, the lubricity 
of the surface of the rubber article coated with the coating composition Is decreased. 

The alkenyl group-containing organopolysiloxane having a straightly linear molecular structure assuming that the 
alkenyl group Is a vinyl group denoted by Vi and the rest of the organic groups are methyl groups denoted by Me Is 
expressed by the structural formula 



in which the subscripts d and e are each 0, 1 , 2 or 3 with the proviso that d + e = 3, the subscript f is a positive integer 
and the subscript g is 0 or a positive Integer with the proviso that 2d + g is at least 2. 

The alkenyl group-containing organopolysiloxane having a cyclic molecular structure assuming that the alkenyl 
group is a vinyl group and the rest of the organic groups are methyl groups is expressed by the structural formula 



Vi^Me^Si-0-(-SiMe2-0-),-(-SIMeVi-0-)g-SiMe^ Vi, 



^SiMeVi-0^h-^SiMe2-0-)i— , , 



in which the subscript h is a positive integer of 2 or larger and the subscript i Is 0 or a positive integer with the proviso 



30 
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that h + i is in the range from 4 1 
' The alkenyl group-containing organopolysiloxane having a branched molecular structure assuming that the alkenyl 

• group is a vinyl group and the rest of the organic groups are methyl groups Is expressed by the unit formula 

^ (VijMe,SiOo5)JMe3SiOo5)„(SI02)„. 

in which the subscript j Is 1 , 2 or 3, the subscript k Is 0, 1 or 2 with the proviso that j + k=3 and the subscripts L, m and 
n are each a positive number 

10 The organohydrogenpolysiloxane serves as a crosslinking agent of the above described alkenyl group-containing 

organopolysiloxane by the hydrosilation reactton between the silicon-bonded alkenyl, e.g. , vinyl, groups and the silicon- 
bonded hydrogen atoms in the presence of a platinum catalyst. The organic groups bonded to the silicon atoms in the 
organohydrogenpolysiloxane can be selected from the unsubstltuted and substituted nnonovalent hydrocarbon groups 
given as the examples of the organic groups in the alkenyl group-containing organopolysiloxane excepting the alkenyl 

15 groups but they are preferably methyl groups In view of the relatively simple procedure for the synthesis and good 
properties of the coating film formed with the coating composition of the invention. 

The molecular structure of the organohydrogenpolysiloxane Is not particularly limitative and can be straightly linear, 
branched or cyclic. The average molecular weight thereof is also not particularly limitative but it is preferable that the 
organohydrogenpolysiloxane has a viscosity in the range from ^Qr^ to 10-2 m^/sec (1 to 10000 centistokes) at 25 

20 in order to ensure good miscibllity with the alkenyl group-containing organopolysiloxane. 

The amount of the organohydrogenpolysiloxane to be reacted with the alkenyl group-containing organopolysi- 
loxane should be such that from 0.5 to 20 moles or, preferably, from 0.8 to 5 moles of the silicon-bonded hydrogen 
atoms in the organohydrogenpolysiloxane are provided per mole of the alkenyl groups in the alkenyl group-containing 
organopolysiloxane. When the amount of the silicon-bonded hydrogen atoms is too small, full curing of the mixture 

25 can hardly be obtained as a matter of course while, when the amount of the silicon-bonded hydrogen atoms is too 
large, a substantial amount of the silicon-bonded hydrogen atoms are left unreacted after the curing reaction so as to 
adversely affect the properties of the cured silicone rubber. 

The organohydrogenpolysibxane having a straightly linear molecular structure assuming that the organic groups 
are methyl groups denoted by Me is expressed by the structural formula 



H Me Si-0-(-SiMe2-0-)r-(-SiMeH-0-)3-SiMeqH| 



in which the subscript p is 0 or 1 , the subscript q is 2 or 3 with the proviso that p + q = 3, the subscript r is 0 or a positive 
35 integer and the subscript s is a positive integer with the proviso that 2p + s is at least 2. 

The organohydrogenpolysiloxane having a cyclic molecular structure assuming that the organic groups are methyl 
groups is expressed by the structural fonmula 



-SiMeH-04t-(-SiMe2-04u — i , 



in which the subscript t is a positive integer of 2 or larger and the subscript u is 0 or a positive integer with the proviso 
that t + u is in the range from 4 to 8. 

The organohydrogenpolysiloxane having a branched molecular structure assuming that the organic groups are 
methyl groups is expressed by the unit formula 

(H^Me^SiOo5)^(Me3SiOo.5)JSi02)^. 



in which the subscript v Is 1 , 2 or 3. the subscript w is 0, 1 or 2 with the proviso that v + w = 3 and the subscripts x, y 
55 and z are each a positive number 

The platinum compound to sen^e as a catalyst for the hydrosilatran reaction is well known in the art and can be 
any of conventional ones including chloroplatinic acid, complexes of platinum with an olefin, alcohol or phosphorus 
compound and coordination compound of platinum. The amount of the platinum catalyst added to the reaction mixture 
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3^TOy weight calculated as platinum based on the total am 



is in the range from 1 to 100 pProy weight calculated as platinum based on the total amount of the alkenyl group- 
containing organopolyslloxane and the organohydrogenpolyslloxane. When the amount of the platinum catalyst is \oo 
small, the velocity of the curing reaction is unduly low as a matter of course in addition to the risk of increased suscep- 
tibility of the catalyst to catalyst poisons while no particular additional advantages are obtained by increasing the amount 

5 of the platinum catalyst to exceed the above mentioned upper limit rather with an economical disadvantage due to the 
expensiveness of the platinum compound. 

The surface active agent to serve as an emulsifying agent of the organopolyslloxane mixture in an aqueous medium 
for the preparation of the component (d) is preferably a non-ionic surface active agent such as polyoxyethylene alkyi 
ethers, polyoxyethylene alkylphenyl ethers, polyoxyethylene sorbitan fatty acid esters and glycerin fatty acid esters 

"io because these surface active agents have little adverse influences on the curing reaction of the organopolysiloxanes. 
These surface active agents can be used either singly or as a combination of two kinds or more according to need. 

The content of the cured silicone rubber particles in the aqueous dispersion as the component (d) of the inventive 
coating composition is in the range from 1 to 70% by weight or. preferably, from 10 to 60% by weight. When the content 
of the rubber particles is too low, an economical disadvantage is caused in the preparation of the inventive coating 

^5 composition because the amount of the component (d) must be increased so much while, when the content thereof is 
too high, the consistency of the aqueous dispersion as the component (d) is too high to cause inconveniences in 
handling. It is optional that the aqueous dispersion of the curable organopolyslloxane mixture is admixed with silicone 
oils, organosilane compounds, organic and inorganic fillers so that the resultant silicone rubber particles may contain 
these optional additives. 

20 The organopolysiloxane-based -based coating composition of the present invention can be prepared by blending 

the above described aqueous dispersions as the components (a) to (d) in a specified proportion. Thus, the components 
(a), (b), (c) and (d) are blended together into a uniform aqueous dispersion of the organopolysiloxanes in such a 
proportion that the [component (a)]: [component (b)]: [component (c)]:[component (d)] calculated for the respective 
organopolyslloxane ingredients is (10-90%):(1-50%):(1-50%):(1-70%) by weight or. preferably. (20-70%): (5-20%): 

25 (5-20%):(5-50%) by weight based on the total amount of the four organopolyslloxane ingredients. 

The blending work of the components (a) to (d) can be performed by using a conventional mixing machine of any 
types. The total content of the organopolyslloxane ingredients in the thus prepared coating composition of the invention 
is in the range from 1 to 50% by weight or, preferably, from 10 to 30% by weight. When the content thereof Is too low, 
the coating film fomied on the surface of a rubber article by applying the coating composition thereto and drying hardly 

^0 has a sufficient thtekness so that the abrasion resistance of the coating film is decreased while, when the content is 
too high, the stability of the coating composition as an aqueous dispersion of the organopolyslloxane ingredients is 
decreased. When the content of the organopolysitoxane ingredients Is too high In the composition as prepared, it Is 
optional that the composition is diluted by the addition of a suitable volume of water so that the content is adjusted to 
be within the above mentioned range. 

55 It is optional that the coating composition of the invention is admbced with various kinds of additives according to 

need each in a limited amount. For example, curing of the coating film on the surface of a rubber article can be accel- 
erated by the admixture of the coating composition vyith a known curing accelerator which can be a metal salt of an 
organic acid such as dibutyl tin dilaurate, dioctyl tin laurate, dibutyl tin diacetate, tin octoate. iron octoate. zinc octoate. 
Other optional additives include carbon black, powders of a synthetk: resin such as fluorocarbon resins, melamine 

40 resins, acrylic resins, polycarbonate resins, silicone resins and nylon resins, graphite powder, organic and inorganic 
pigments, paraffin waxes, polyethylene waxes, silicone oils. 

As is mentioned before, the coating composition of the present invention is suitable for the surface treatment of 
rubber articles of which the rubber can be any of natural and synthetic rubbers including, for example, natural rubber. 
EPDM rubbers, SBR rubbers, polychloroprene rubbers, isoprene-isobutylene copolymeric rubbers, nitrile rubbers with- 

45 out particular limitations. Shaped articles of a foamed or spongy rubber are also suitable for the surface treatment with 
the inventive coating composition. 

In practicing the method for the surface treatment of a rubber artwie by using the above described coating com- 
position, the rubber article is coated with the coating composition by a suitable known method such as brush coating, 
spray coating, roller coating knife coating, dip coating followed by drying at room temperature or at an elevated tem- 

50 perature to effect curing of the coating film so that a surface-treated rubber article having excellent abrasion resistance 
and lubricity on the surface Is obtained. The thickness of the coating film on the surface of the rubber article formed 
from the inventive coating composition is in the range from 0.1 to 10 nm or, preferably, from 0.5 to 5 ^m as dried and 
cured. Thus, the coating composition of the present invention is useful for upgrading of various rubber articles including 
weather strips in automobiles, sealing materials such as O-rings, gaskets, packings, rubber hoses. 

55 In the following, examples are given to Illustrate in more detail the organopolysiloxane-based coating composition 

of the invention as well as the application thereof to the surface treatment of a rubber article. The term of "parts' in the 
following examples and comparative examples always refers to "parts by weight". The examples are preceded by the 
description of the preparation procedures of the respective components (a) to (d) used in the examples. The rubber 
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articles surface-treated with th^Wventive coating composition prepared in the examples were evaluated for the abra- 
sion resistance and surface lubricity by the testing procedures described below. 

Evaluation of abrasion resistance: 



As Is illustrated in Figure 1, a spongy EPDM rubber strip 1 of 10 mm width, 150 mm length and 2 mm thickness 
having a JIS A hardness of 36 and a specific gravity of 0.63 after the surface treatment was rubbed with a rubbing 
thruster 2 of a glass plate of 5 mm thickness with the contacting surface roughened by using a sand paper, which was 
pressed against the rubber strip under a thrust load of 350 g and moved back and forth at a rubbing stroke of 70 mm 
10 and a frequency of 60 reciprocations per minute to record the number of the rubbing movements until the coating layer 
on the surface of the rubber sheet was removed. 

Evaluation of surface iubrlcitv: 

IS Two sponge rubber pieces 4 of the same spongy rubber as used above each having dimensions of 10 mm width, 

50 mm length and 2 mm thickness after the surface treatment were adhesively bonded to a copper plate 3 of 50 mm 
by 50 mm square and 0.25 mm thickness as is illustrated in Figure 2 to prepare a test specimen which was sllded on 
a glass plate under a load of 1 kg by pulling at a velocity of 1 00 mm per minute to determine the coefficient of kinematic 

friction. 



Preparation of aqueous dispersion A-1 as the component (a). 

A mixture of 350 g of octamethyl cyclotetrasiloxane and 1.3 g of phenyl triethoxy silane was agitated in a 1 liter 
glass beaker by using a homomixer at 2000 rpm and the mixture was admixed with 35 g of a 10% aqueous solution 

25 of sodium lauryl sulfate and 35 g of a 10% aqueous solution of dodecylbenzene sulfonic acid under further continued 
agitation at 6000 rpm to cause an increase in the viscosity due to phase inversion from the W/Otype to an O/W-type 
emulsion. The mixture was admixed with 280 g of water under further continued agitation at 2000 rpm followed by 
homogenizatlon by passing through a high-pressure homogenlzer at a pressure of 295.10^ Pa (300 kg/cm^) to give a 
stable O/W-type aqueous emulsion. 

30 The aqueous emulsion was transferred into a glass flask of 1 liter capacity equipped with a stirrer, thermometer 

and reflux condenser and heated therein at 50^*0 for 1 2 hours to effect the polymerization reaction. After aging at 25*C 
for 24 hours to complete the reaction, the reaction mixture was neutralized by the addition of a 10% aqueous solution 
of sodium carbonate to give a stable aqueous emulsion of an organopolysiloxane having a branched molecular struc- 
ture, which is referred to as the component A-1 hereinafter. A small portion of the component A-1 was admixed with 

35 isopropyl alcohol to destroy the emulsion and isolate the water-Insoluble ingredient which was a gel-like non-flowable 
organopolysiloxane. The content of the organopolysiloxane ingredient in the component A-1 was 49% by weight: 

Preparation of aoueous dispersbn A-2 as the component (a). 

40 A mixture of 333 g of octamethyl cyclotetrasiloxane, 14 g of N-(2-aminoethyl)-3-aminopropyl methyl polyslloxane 

and 3 g of methyl triethoxy silane was agitated in a 1 liter glass beaker by using a honnomlxer at 2000 rpm and the 
mixture was admixed with 30 g of a 30% aqueous soluton of cety I trimethyl ammonium chloride, 3 g of a polyoxyethy lene 
(60 moles addition) nonylphenyl ether and 70 g of water under further continued agitation at 6000 rpm to cause an 
increase in the viscosity due to phase Inversion. The mixture was admixed with 520 g of water under further continued 

45 agitation at 2000 rpm followed by homogenizatlon by passing through a high-pressure homogenizer at a pressure of 
295.10^ Pa (300 kg/cm^) to give a stable O/W-type aqueous emulsion. 

The aqueous emulsion was admixed with 20 g of a 5% aqueous solution of potassium hydroxide and transferred 
Into a glass flask of 1 liter capacity equipped with a stirrer, thermometer and reflux condenser and heated therein at 
70 **C for 72 hours to effect the polymerization reaction. After aging at 25 °C for 24 hours to complete the reaction, the 

so reaction mixture was neutralized by the addition of acetic acid to give a stable aqueous emulsion of an organopolysi- 
loxane having a branched molecular structure, which is referred to as the component A-2 hereinafter 

A small portion of the component A-2 was admixed with Isopropyl alcohol to destroy the emulsion and isolate the 
water-insoluble Ingredient which was a gel-like non-flowable organopolysiloxane after drying. The content of the orga- 
nopolysiloxane ingredient in the component A-2 was 35% by weight. 



Preparation of aoueous dispersion B as the component (b). 

A mixture consisting of 2 g of 35% hydrochloric acid and 190 g of deionized water was taken in a glass flask of 1 
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liter capacity equipped with a snror, dropping funnel, thermometer and reflux condenser and 270 g of 3-glycidyloxy- 
propyl methyl diethoxy silane were added dropwise to the hydrochloric acid solution in the flask at SO^C under agitation 
over a period of 3 hours to be hydrolyzed. After completion of the dropwise addition of the silane compound, the reaction 
mixture was neutralized with propylene oxide and the mixture was heated up to 100 **C under reduced pressure to 
s remove the ethyl alcohol as the hydrolysis product taking 30 minutes at 1 00 **C followed by cooling to room temperature 
to give a hydrolysis-condensation product of the silane compound. 

A 315 g portion of the above obtained hydrolysis-condensation product was introduced into a glass beaker of 1 
liter capacity together with 30 g of a polyoxyethylene (85 moles addition) nonylphenyf ether and 70 g of water and the 
mixture was agitated with a homomixer at 6000 rpm to indicate an increase in the viscosity Thereafter, the mixture 
10 was admixed with 285 g of water under further continued agitation at 2000 rpm and homogenized by passing through 
a high-pressure homogenizer at a pressure of 295.105 pa (300 kg/cm^) to give a stable aqueous emulsion of an 
organopolysiloxane, which is referred to as the component B hereinafter The content of the organopolysiloxane as 
the effective ingredient in the component B was 45.0% by weight. 

IS Preparatkyi of aqueous solution C-l as the component (c). 

Into a glass flask of 1 liter capacity equipped with a stirrer, dropping funnel, thermometer and reflux condenser 
containing 500 g of 3-(N-2-aminoethyl)aminopropyl methyl dimethoxy silane, 135 g of deionized water were added 
dropwise at room temperature under agitation over a period of 30 minutes to effect hydrolysis of the silane compound. 

20 After completion of the dropwise addition of deionized water, the mixture in the flask was heated and kept at 55 to 60 
^'C for 30 minutes under reduced pressure so as to remove the methyl alcohol as the hydrolysis product by distillation 
followed by cooling to room temperature to temilnate the reaction. A 105 g portion of the thus obtained hydrolysis- 
condensation product was added to 595 g of water in a glass flask of 1 liter capacity and agitated for 30 minutes at 
room temperature to give a stable aqueous solution of an organopolysiloxane. which Is referred to as the component 

25 c-1 hereinafter. The concentration of the organopolysik>xane as the effective liigredient in the component C-1 was 
15.0% by weight. 

Preparatfon of aqueous solution C-2 as the component (c). 

30 Into a glass flask of 1 liter capacity equipped with a stirrer, dropping funnel, thermometer and reflux condenser 

containing 500 g of 3-aminopropyl methyl dimethoxy silane, 170 g of deionized water were added dropwise at room 
temperature under agitation over a period of 30 minutes to effect hydrolysis of the silane compound. After completion 
of the dropwise additfon of deionized water, the mixture in the flask was heated and kept at 55 to 60 for 30 minutes 
under reduced pressure so as to remove the methyl alcohol as the hydrolysis product by distillation followed by cooling 

35 to room temperature to terminate the reaction. A 105 g portion of the thus obtained hydrolysis-condensation product 
was added to 595 g of water in a glass flask of 1 liter capacity and agitated for 30 minutes at room temperature to give 
a stable aqueous solution of an organopolysiloxane, which is referred to as the component C-2 hereinafter. The con- 
centration of the organopolysiloxane as the effective ingredient in the component C-2 was 15.0% by weight. 

40 Preparatfon of aqueous disperston D-1 as the component (d). 

A mixture consisting of 280 g of a methyl vinyl polysiloxane having a viscosity of 10-® m^/sec (10 centistokes) at 
25^C and expressed by the formula 



in which Vi and Me each have the same meaning as defined above, and 90 g of a methylhydrogenpolysiloxane having 
a viscosity of 200 centistokes at 25^C and expressed by the formula 



was agitated in a glass beaker of 1 liter capacity by using a homomixer working at 2000 rpm and admixed with a 
ss polyoxyethylene (9 moles addition) octylphenyl ether and 70 g of water followed by continued agitation at 6000 rpm to 
indicate an increase in the viscosity due to phase inversion. Thereafter, the mixture was admixed with 295 g of water 
and agitation was conlinued at 2000 rpm to give an O/W-type aqueous emulsion. 



The above obtained aqueous emulsion was transferred into a glass flask equipped with a stirrer and admixed with 



45 



ViMe2Si-0-(-SiMe2-0-)io-SiMe2Vi, 



50 



Me3Si-O-(-SiMeH-O-)50-(-SiMe2-O-)50-SiMe. 



in 
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so^ron of a chloroplatinic acidolefin complex in a concentrati 



a mixture of 1 g of a toluene solofron of a chloroplatinic acidolefin complex in a concentration of 0.05% by weight as 
platinum and 1 g of polyoxyethylene (9 moles addition) octylphenyl ether at room temperature under continued agitation 
for 1 2 hours to effect the hydrosilation reaction so that an aqueous dispersion of cured silicone rubber particles, which 
Is referred to as the component D-1 hereinafter, was obtained. The average particle diameter of the silicone rubber 
particles in the composition D-1 was determined by using a particle size analyzer (Coulter Counter, manufactured by 
Coulter Electronics Co.) to find a value of 4 |im. A small portion of the component D-1 was taken and dried at room 
temperature to give a white rubber powder having elasticity. The content of the silicone rubber particles as the effective 
organopolysiloxane ingredient in the component D-1 was 50% by weight. 



Preparation of aqueous dispersion D-2 as the component (d). 



The procedure for the preparation of another aqueous dispersion of cured silicone rubber particles, referred to as 
the component D-2 hereinafter, was substantially the same as in the preparation of the component D-1 described 
above except that the amount of the polyoxyethylene octylphenyl ether used in the preparation of the O/W-type aqueous 
emulsion was 0.5 g instead of 3 g. The average particle diameter of the cured silicone rubber particles contained in 
the component D-2 was 1 3 ^m and a white rubber powder having elasticity was obtained by air-drying the component 
D-2. The content of the silicone rubber particles in the component D-2 was 50% by weight. 



Example 1 . 



A coating composition was prepared by uniformly blending: 

22.9 parts of the component A-1 as the component (a); 
3.6 parts of the component B as the component (b); 
21 .3 parts of the component C-1 as the component (c); 
8.0 parts of the component D-1 as the component (d); and 
44.2 parts of water. 



The blending proportion of the components (a) to (d) calculated as the respective organopolysiloxane ingredients 
therein, I.e. (a):(b):(c):(d), was 56:8:16:20 by weight. 

A 2 mm thick test piece of spongy EPDM rubber as specified in the description of the testing procedures was 
coated with the above prepared coating composition by brushing in a coating thickness of 1 to 3 as dried and-the 
coating layer was dried and cured by heating at 150 °C for 10 minutes in a hot-air circulation oven to give a surfaice? 
treated test specimen of which the evaluation tests were undertaken according to the testing procedures described 
before to give the results shown In Table 1 to follow. 



Example 2. 



The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 



26.1 parts of the component A-1 as the component (a); 
2.2 parts of the component B as the component (b); 
14.7 parts of the component C-1 as the component (c); 
8.0 parts of the component D-1 as the component (d); and 
49.0 parts of water, 



so that the blending proportion of the components (a) to (d) calculated as the respective organopolysibxane Ingredients 
therein, I.e. (a):(b):(c):(d), was 64:5:11:20 by weight. 

The results of the evaluation tests are shown in Table 1 . 



Example 3. 

The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 

18.8 parts of Jhe component A-1 as the component (a); 
3.6 parts of the component B as the component (b); 
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21 ,3 parts of the componOTiF-1 as the component (c); 
12.0 parts of the component D-1 as the component (d); and 
44.3 parts of water. 

so that the blending proportion of the components (a) to (d) calculated as the respective organopolysiloxane ingredients 
therein, i.e. (a):(b):(c):(d), was 46:8:15:30 by weight. 

The results of the evaluation tests are shown in Table 1. 

Example 4. 

The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 

10.6 parts of the component A-1 as the component (a); 
3.6 parts of the component B as the component (b); 
21 .3 parts of the component C-1 as the component (c); 
20.0 parts of the component D-1 as the component (d); and 
44.5 parts of water. 

so that the blending proportion of the components (a) to (d) calculated as the respective organopolysitoxane ingredients 
therein, i.e. (a):(b):(c):(d). was 26:8:16:50 by weight. 

The results of the evaluation tests are shown in Table 1. 

Example 5. 

The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 

32.0 parts of the component A-2 as the component (a); 
3.6 parts of the component B as the component (b); 

21 .3 parts of the component C-1 as the component (c); 
8,0 parts of the component D-1 as the component (d); and 

35.1 parts of water, 

so that the blending proportion of the components (a) to (d) calculated as the respective organopolysitoxane ingredients 
therein, i.e. (a):(b):(c):(d), was 56:8:16:20 by weight. 

The results of the evaluation tests are shown in Table 1. 

Example 6. 

The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 

22.9 parts of the component A-1 as the component (a); 
3.6 parts of the component B as the component (b); 
21,3 parts of the component C-2 as the component (c); 
8.0 parts of the component D-1 as the component (d); and 

44.2 parts of water, 

so that the blending proportion of the components (a) to (d) calculated as the respective organopolysiloxane ingredients 

therein, i.e. (a):(b):(c):(d). was 56:8:16:20 by weight. 

The results of the evaluation tests are shown in Table 1 . 

Example 7. 

The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 
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22.9 parts of the component A-1 as the component (a); 
3.6 parts of the component B as the component (b); 
21 .3 parts of the component C-1 as the component (c); 
8.0 parts of the component D-2 as the component (d); and 
44,2 parts of water, 



so that the blending proportion of the components (a) to (d) calculated as the respective organopotysiloxane ingredients 
therein, i.e. (a):(b):(c):(d), was 56:8:16:20 by weight. 

The results of the evaluation tests are shown in Table 1. 



Comparative Example 1. 



The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 



28.6 parts of the component A-1 as the component (a); 
4.4 parts of the component B as the component (b); 

26.7 parts of the component C-1 as the component (c); and 
40.3 parts of water. 



with omission of the component (d) so that the blending proportion of the components (a) to (d) calculated as the 
respective organopolysiloxane ingredients therein, i.e. (a):(b):(c):(d), was 70:10:20:0 by weight. 
The results of the evaluation tests are shown in Table 1 . 



Comparative Example 2. 



The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 



4.4 parts of the component B as the component (b); 
26.7 parts of the component C-1 as the component (c); 
28.0 parts of the component D-1 as the component (d); and 
40.9 parts of water. 



with omission of the component (a) so that the blending proportion of the components (a) to (d) calculated as the 
respective organopolysiloxane ingredients therein, i.e. (a):{b):(c):(d), was 0:10:20:70 by weight. 
The results of the evaluation tests are shown in Table 1. 



Comparative Example 3. 



The experimental procedure was substantially the same as in Example 1 except that the coating composition was 

prepared by blending: 



22.9 parts of the component A-1 as the component (a); 

32.0 parts of the component C-1 as the component (c); 
8.0 parts of the component D-1 as the component (d); and 

37.1 parts of water, 



with omission of the component (b) so that the blending proportion of the components (a) to (d) calculated as the 
respective organopolysiloxane Ingredients therein, i.e. (a):(b):(c):(d), was 56:0:24:20 by weight. 

The evaluation tests of the coating-treated rubber specimen could not be undertaken due to the great stickiness 
even after curing. 



Comparative Example 4. 



The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: • 
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22.9 parts of the componem^-l as the component (a); 

10.7 parts of the component B as the component (b); 

8.0 parts of the component D-1 as the component (d); and 
58.4 parts of water, 

with omission of the component (c) so that the blending proportion of the components (a) to (d) calculated as the 
respective organopolysiloxane ingredients therein, i.e. (a):(b):(c):(d), was 56:24:0:20 by weight. 

The evaluation tests of the coating-treated rubber specimen could not be undertaken due to the great stickiness 
even after curing. 

Comparative Example 5. 

The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 

3.3 parts of the component A-1 as the component (a); 

1 3.8 parts of the component B as the component (b); 

41 .3 parts of the component C-1 as the component (c); 

12.0 parts of the component D-1 as the component (d); and 
29.6 parts of water, 

so that the blending proportion of the components (a) to (d) calculated as the respective organopolysiloxane ingredients 
therein, i.e. (a):(b):(c):(d), was 8:31:31:30 by weight. 

The results of the evaluation tests are shown in Table 1. 

Comparative Example 6. 

The experimental procedure was substantially the same as in Example 1 except that the coating composition was 
prepared by blending: 

37.1 parts of the component A-1 as the component (a); 
1 .3 parts of the component B as the component (b); 
4.0 parts of the component C-1 as the component (c); 

1 .2 parts of the component D-2 as the component (d); and 

56.4 parts of water. 

so that the blending proportion of the components (a) to (d) calculated as the respective organopolysibxane ingredients 
therein, i.e. (a):(b):(c):(d), was 91:3:3:3 by weight. 

The results of the evaluation tests are shown in Table 1. 



Table 1 



Number of rubbing, times 



Coefficient of kinematic friction 



Comparative Example 1 
Comparative Example 2 

Comparative Example 3 

Comparative Example 4 
Comparative Example 5 
Comparative Example 6 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 



4000 
4000 
4000 
3000 
4000 
4000 
3000 
2000 
2000 



0.6 
0.6 
0.7 
0.8 
0.6 
0.6 
0.5 
1.3 



1.1 



(not tested) 
(not tested) 



1000 
500 



1.0 
1.3 



Claims 
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1. A silicone-based coating composition for the surface treatment of a rubber article which is a uniform water-base 
mixture comprising: 

5 

(a) an aqueous dispersion of a non-flowable organopolysiloxane having a branched molecular structure con- 
sisting of the organosiloxane units represented by the general fomriulas Ri2SiO and R^SiO^ 5. in which Ri is 
a nrKsnovalent hydrocarbon group having 1 to 20 carbon atoms, as a first organopolysiloxane ingredient; 

(b) an aqueous dispersion of a hydrolysis-condensation product of an epoxy group-containing alkoxy silane 
10 compound represented by the general formula R2R3Si(OR4)2, in which R2 is a monovalent organic group 

substituted by an epoxy group and having 5 to 20 cartwn atoms and and R^ are each a monovalent hy- 
drocarbon group having 1 to 6 carbon atoms, as a second organopolysiloxane ingredient; 

(c) a hydrolysis-condensation product of an amino-group containing alkoxy silane compound represented by 
the general formula 

IS 

R^R®N(CH2)3[NR^(CH2)j,]^.SiR^bR^)2. 

in which R^, R^ and R^ are each a hydrogen atom or a monovalent hydrocarbon group having 1 to 6 carbon 
20 atoms, R8 and R^ are each a monovalent hydrocarbon group having 1 to 6 carbon atoms, the subscripts a 

and b are each a positive integer not exceeding 6 and the subscript c is zero or a positive integer not exceeding 
3, as a third organopolysiloxane ingredient; and 

(d) an aqueous dispersion of particles of a cured silicone rubber as a fourth organopolysiloxane Ingredient, 

2S the component (c) being dissolved or dispersed in the blend of the components (a), (b) and (d), in such a blending 

proportion of the components (a), (b), (c) and (d) that the amount of the first organopolysiloxane In the component 
(a) is In the range from 10 to 90% by weight, the amount of the second organopolysiloxane in the component (b) 
is in the range from 1 to 50% by weight, the amount of the third organopolysiloxane as the component (c) is In the 
range from 1 to 50% by weight and the amount of the fourth organopolysiloxane in the component (d) is in the 

30 range from 1 to 70% by weight each based on the total amount of the first to fourth organopolysiloxanes. 

2. The silicone-based coating composition for the surface treatment of a rubber article as claimed in claim 1 in which 
the blending proportion of the components (a), (b), (c) and (d) is such that the amount of the first organopolysiloxane 
in the component (a) is in the range from 20 to 70% by weight, the amount of the second organopolysiloxane in 

36 the component (b) is in the range from 5 to 20% by weight, the amount of the third organopolysiloxane as the 

component (c) is in the range from 5 to 20% by weight and the amount of the fourth organopolysiloxane in the 
component (d) is in the range from 5 to 50% by weight based on the total amount of the first to fourth organopol* 
ysiloxanes. 

40 3. The silicone-based coating composition for the surface treatment of a rubber article as claimed In claim 1 in which 
the epoxy group-containing alkoxy silane compound is 3-gtycidyloxypropyl methyl diethoxy silane. 

4. The silicone-based coating composition for the surface treatment of a rubber article as claimed in claim 1 in which 
the amino group-containing alkoxy silane compound is 3-(N-2-aminoethyl)aminopropyl methyl dimethoxy silane 

45 or 3-aminopropyl methyl dimethoxy silane. 

5. The silicone-based coating composition for the surface treatment of a rubber artk^le as claimed in claim 1 in which 
the cured silicone rubber is an alkenyl group-containing organopolysiloxane crosslinked with an organohydrogen- 
polysiloxane by the hydrosilation reaction in the presence of a platinum compound as a catalyst. 

so 

6. A method for the improvement of the abrasion resistance and lubricity of the surface of a rubber article which 
comprises the steps of: 

(A) coating the surface of the rubber article with a silicone-based coating composition as claimed in claim 1 and 
55 (B) drying the coating film on the surface of the rubber article to effect curing of the organopolysiloxane ingre- 

dients in the coating composition to form a cured coating layer. 

7. The method for the improvement of the abrasion resistance and lubricity of the surface of a rubber article as claimed 
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>f the coating iayer as dried and cured is in the range from 0. 1 to 1 0 ^m. 



Patentanspruche 

1. Beschichtungsmasse auf Siliconbasis zur Oberflachenbehandlung eines Qummigegenstandes, welche eine 
gleichtormige l\/1ischung auf Wasserbasis ist, umfassend: 

(a) eIne waBrige Dispersion eines nichtflieGfahigen Organopolysiloxans mit einer verzweigten IVIolekuIstrulctur. 
bestehend aus den Organosiloxaneinheiten. die durch die allgemeinen Formeln R'^a^'^ R^SiO-, 5 darge- 
stellt sind, worin eine einwertige Kohlenwasserstoffgruppe mit 1 bis 20 Kohlenstoffatomen Ist. als einen 
ersten Organopolysiloxan-Bestandteil, 

(b) eine waBrige Dispersion eines Hydrolyse-Kondensations-Produkts einer epoxidgruppenhaltigen Alkoxy- 
siianverbindung, dargestellt durch die allgemeine Forme! R?R3Si(OR^)i » worin R^ eine einwertige organische 
Gruppe ist, die durch eine Epoxidgruppe substituiert ist und 5 bis 20 Kohlenstoffatome besitzt, und R^ und R* 
jeweils eine einwertige Kohlenwasserstoffgruppe mit 1 bis 6 Kohlenstoffatomen sind, als einen zweiten Orga- 
nopolysiloxan-Bestandteil, 

(c) ein Hydrolyse-Kondensations-Produkt einer aminogruppenhaltigen Alkoxysilanverbindung, dargestellt 
durch die allgemeine Formel 

R^R®N(CH2)JNR^(CH2)bVSiR®(OR®)2. 

worin R^, R® und R^ jeweils ein Wasserstoffatom oder eine einwertige Kohlenwasserstoffgruppe mit 1 bis 6 
Kohlenstoffatomen sind, R® und jeweils eine einwertige Kohlenwasserstoffgruppe mit 1 bis 6 Kohlenstoff- 
atomen sind, die Indizes a und b jeweils eine positive ganze Zahl sind, die 6 nrcht ubersteigt, und der Index 
c null Oder eine positive ganze Zahl ist, die 3 nicht ubersteigt, als einen dritten Organopolysiloxan-Bestandteil, 
und 

(d) eine waBrige Dispersbn von Teilchen eines vulkanisierten Siliconkautschuks als einen vierten Organopo- 
lysiloxan-Bestandteil, wobel die Komponente (c) in der Mischung der Komponenten (a), (b) und (d) in einem 
derartlgen Mischungsverhaltnis der Komponenten (a), (b), (c) und (d) gelost oder disperglert ist, daB die Menge 
des ersten Organopolysiloxans in der Komponente (a) im Berek^h von 10 bis 90 Gew.-% liegt, die Menge des 
zweiten Organopolysiloxans in der Komponente (b) im Bereich von 1 bis 50 Gew.-% liegt, die Menge des 
dritten Organopolysiloxans als die Komponente (c) im Bereich von 1 bis 50 Gew.-% liegt und die Menge des 
vierten Organopolysiloxans in der Komponente (d) im Bereich von 1 bis 70 Gew.-% liegt, jeweils bezogen auf 
die Gesamtmenge der ersten bis vierten Organopolysiloxane. 

2. Beschlchtungsmasse auf Siliconbasis nach Anspruch 1 zur Oberflachenbehandlung eines Gummigegenstandes. 
worin das Mischungsveriialtnis der Komponenten (a), (b), (c) und (d) derart ist, daB die Menge des ersten Orga- 
nopolysiloxans in der Komponente (a) im Bereich von 20 bis 70 Gew.-% liegt, die Menge des zweiten Organopo- 
lysiloxans in der Komponente (b) im Bereich von 5 bis 20 Gew.-% liegt, die Menge des dritten Organopolysiloxans 
als die Komponente (c) im Bereich von 5 bis 20 Gew.-% liegt und die Menge des vierten Organopolysiloxans in 
der Komponente (d) im Bereich von 5 bis 50 Gew.-% liegt, bezogen auf die Gesamtmenge der ersten bis vierten 
Organopolysiloxane. 

3. Beschlchtungsmasse auf Siliconbasis nach Anspruch 1 zur Oberflachenbehandlung eines Gummigegenstandes, 
worin die epoxidgruppenhaltige Alkoxysilanverbindung 3-Glycidyloxypropylmethyldiethoxysilan ist. 

4. Beschlchtungsmasse auf Siliconbasis nach Anspruch 1 zur Oberflachenbehandlung eines Gummigegenstandes, 
worin die aminogruppenhaltige Alkoxysilanverbindung 3-(N-2-Aminoethyl)aminopropylmethyldimethoxysilan oder 
3-Aminopropylmethyldimethoxysilan ist. 

5. Beschlchtungsmasse auf Siliconbasis nach Anspruch 1 zur Oberflachenbehandlung eines Gummigegenstandes, 

worin der vulkanisierte Slliconkautschuk ein alkenyigruppenhaltiges Organopolysiloxan ist, das mit einem Organ- 
ohydrogenpolysiloxan durch Hydrosilylierungsreaktion in Gegenwart einer Piatinverbindung als Katalysator ver- 
netzt ist. 

6. Verfahren zur Verbesserung der Abriebfestigkeit und Gleltfahigkeit der Oberflache eines Gummigegenstandes, 




umfassend die Schritte: 
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(A) Beschichten der Oberflache des Qummigegenstandes mit einer Beschichtungsmasse auf Siliconbasis 
nach Anspruch 1 und 

5 (B) Trocknen des Beschichtungsfilms auf der Oberflache des Qummigegenstandes, um die Hartung der Or- 

ganopolysiloxan-Bestandteile in der Beschichtungsmasse zu bewirken und eine ausgehartete Uberzugs- 
schicht zu bllden. 

7. Verfahren nach Anspruch 6 zur Verbesserung der Abriebfestigkelt und Gleitfahigkeit der Oberflache eines Gum- 
10 migegenstandes. bei dem die DIcke der getrockneten und ausgeharteten Uberzugsschicht im Bereich von 0,1 bis 

lO^umliegt. 

Revendications 

IS 

1. Composition de revetement k base de silicone destinee au traitement de surface d'un article de caoutchouc, 
laquelle est un melange uniforme k base d'eau, comprenant : 

(a) une dispersion aqueuse d'un organopolysiloxane sans fluidite , presentant une structure moleculalre la- 
20 mifiee constitue d'unltes organosiloxanes representees par les formules g6nerales R^g^^O R'^SiOi 5 , dans 

lesquelles est un groupe hydrocarbure nnonovalent comportant 1 ^ 20 atomes de carbone , comme premier 
constituant organopolysiloxane; 

(b) une dispersion aqueuse d'un produit de reaction d'hydrolyse-condensation d'un compose alkoxysilane 
contenant un groupe epoxy represents par lafonmule generale R2R^Si(OR^)2> dans laquelle R^ est un groupe 

25 organlque monovalent substitue par un groupe epoxy et comportant 5 ^ 20 atomes de carbone et R^ et 

sont, chacun, un groupe hydrocarbure nnonovalent comportant 1^6 atomes de carbone, comme second 
constituant organopolysiloxane ; 

(c) un produit d'hydrolyse-condensation d^un compose alkoxysilane contenant un groupe amino represente 
par la formule generate R5R6N(CH2)a[NR7(CH2)blc-SiR®(OR9)2, dans laquelle RS. R6 et R^ sont, chacun, un 

30 atome d'hydrogene ou un groupe hydrocarbure rrxjnovalent comportant 1 h 6 atomes de carbone . R^ et 

sont, chacun, un groupe hydrocarbure monovalent comportant 1 k 6 atomes de carbone . les indices a et b 
sont chacun un entier positif ne depassant pas 6 et I'indk^e c represente zero ou un entier positif ne depassant 
pas 3. comme troisieme constituant organopolysiloxane ; et 

(d) une dispersion aqueuse de particules de caoutchouc silicone traite en tant que quatridme constituant or- 
35 ganopolysiloxane, 

le composant (c) 6tant dissous ou disperse dans le melange des composants (a),(b) et(d) , dans une pro- 
portion de melange des composants (a), (b), (c) et (d) telle que la quantite du premier organopolysiloxane du 
composant (a) se trouve dans la plage de 10 ^ 90 % en poids, la quantite du second organopolysiloxane du 
40 composant (b) se trouve dans la plage de 1 ^ 50 % en poids, la quantite du troisieme organopolysiloxane comme 

composant (c) se trouve dans la plage de 1 ^ 50 % en poids et la quantite du quatrieme organopolysiloxane du 
composant (d) se trouve dans la plage de 1 § 70% en poids , chacun sur la base de la quantite totale des premier 
au quatrieme organopolysiioxanes. 

4S 2. Composition de revetement a base de silicone destinee au traitement de surface d'un article de caoutchouc seton 
la revendication 1 , dans laquelle la proportion de melange des composants (a) , (b), (c), et (d) est telle que la 
quantite du premier organopolysiloxane du composant (a) se situe dans (a plage de 20 k 70% en poids, la quantite 
du second organopolysiloxane du composant (b) se situe dans la plage de 5 ^ 20% en poids, la quantite du 
troisieme organopolysiloxane en tant que composant (c) se situe dans la plage de 5 ^ 20% en poids et la quantite 

so du quatridme organopolysiloxane du composant (d) se situe dans la plage de 5 d 50% en poids . sur la base de 

la quantite totale des premier au quatrieme organopolysiioxanes. 

3. Composition de revetement k base de silicone destinee au traitement de surface d'un article de caoutchouc sekMi 
la revendication 1 dans laquelle le compose alkoxysilane contenant un groupe epoxy est un 3-glycidyk>xyprop/l- 

^5 methyldiethoxysilane. 

4. Composition £le revetement a base de silicone destinee au traitement de surface d'un article de caoutchouc selon 
la revendication 1 , dans laquelle le compose alkoxysilane contenant un groupe amino est le 3-(N-2-amlnoethyl)- 



17 



EP 0 659 857 B1 

aminopropylmdthylsilane d^im6thoxy ou le 3-aminopropylm6thyldim§thoxysilane. 

Composition de revdtement h base de silicone destinde au traitement de surface d'un article de caoutchouc selon 
la revendication 1 dans taqueile le caoutchouc silicone traits est un organopolysiloxane contenant un groupe alk- 
dnyle rdticuld avec un organohydrog^nopolysiioxane par (a reaction d'hydrosilation en presence d'un compost de 
platine comme catalyseur 

Proc6d6 pour ram^iioration de la resistance k Pabrasion et de la capacity de glissement de surface d'un article 
de caoutchouc qui comprend les 6tapes consistant k\ 

(A) recouvrir la surface d'un article de caoutchouc d'une composition de revdtement h base de silicone selon 
la revendication 1 et 

(B) s^cher le film de rev§tement h la surface de I'article de caoutchouc pour effectuer la prise des constituants 
organopolysiloxanes de la composition de revdtement pour fonner une couche de revdtement trait^e. 



Proc^d^ pour Tam^lioration de la resistance h I'abrasion et de la capacity de glissement de surface d'un article 
de caoutchouc selon la revendication 6 dans lequel I'^paisseur de la couche de revitement, lorsque sech^e et 
traitee. se trouve dans la plage de 0,1 ^ 10 ^m. 




FIG. 2 
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